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Input configurations
We consider four different configurations to investigate the properties of the sebum triglyceride (TG) and the mechanisms of interaction of TG with water. Fig. S1 shows the four input configurations employed (from 1 to 4): bulk TG, TG-air interface, TGwater interface and a TG monolayer at the air-water interface. Fig. S1 -1 displays a box of 512 triglycerides equilibrated for 80 ns, as described in the main paper. This box is duplicated along the x and y directions to generate the configuration employed in the simulation. A vacuum region was added along the z axis to generate two TG-air interfaces which are shown in Fig. S1 -2. In the TG-water interfaces (see Fig. S1 -3) the void space was filled with 32126 water molecules. Starting from an equilibrated TG-water interface, the monolayer configuration, displayed in Fig. S1 -4, is obtained by selecting all the TG molecules with the central carbon atom of the glycerol group (C2) close to the first water interface along z, such that the distance between C2 and the interface was ≤ 1 nm. The resulting monolayer consists of 122 TG molecules whose glycerol group was partially immersed in a water film with 9085 water molecules. The other surface of the water film was instead left free from TG. The main simulation parameters are summarised in Tab. S1. NPT on z denotes the fact that the pressure barostat is applied along the z axis, while the area of the simulation box in the Xy plane is kept constant. 2) the box is duplicated along x and y directions and void region is added along the z direction to generate 2 TG-air interfaces; 3) the void space is filled with 32126 water molecules to generate 2 TG-water interfaces; 4) Monolayer consisted of 122 TG molecules whose glycerol group was partially immersed in a water film with 9085 water molecules. The other surface of the water film was instead left free from TG. Bulk TG  512  -NPT  300 ns  TG-air  1024  -NVT  100 ns  TG-water  1024 32126  NpT on z  200 ns  TG-monolayer  122  9085 NγT at least 40 ns for each γ Table S1 Main simulation parameters for the different input configurations. N T G and N water are the number of TG and water molecules, respectively. The production run time is the length of the simulation employed to compute the properties.
Input configuration N TG N water Ensemble Production run time
Fig . S7 , we show the 4 regions overlapped to the 3D-plots of TG conformations for bulk-TG and TG-water interface.
Nearest neighbours
We present in Fig. S3 a representative snapshot of the bulk-TG configuration where two TG molecules, randomly selected, are highlighted in purple with their neighbouring molecules up to the first and second minimum of the C2-RDF. The position of the neighbours display the elongated shape of the head-group clusters. The position of the second broad minimum of the C2-RDF (r ≈ 1.6 nm) can be related with the distance of C2 from the terminal carbon atom of the acyl chains. The three histograms in Fig. S4 show the distribution of these three C-C distances. The histograms are sharp and their maxima correspond to a C-C distance of ≈ 1.6 nm.
Independent initial configuration
To confirm the robustness of our results we repeated the bulk-TG simulations starting from an independent initial configurations. This configurations was generated by heating up our system to an high temperature (T H = 400 K) followed by a slow cooling of the system down to the chosen working temperature, T = 310 K, with the simulated annealing technique, with the protocol described below. We took as initial configuration an equilibrated bulk-TG at the end of the production-run and set its temperature equal to T H , leaving the system to equilibrate in the NPT ensemble for 100 ns. Then, we slowly cooled it down, following the simulated annealing procedure, by dynamically changing the reference temperature used in the thermostat algorithm, from T H to 310 K during a 50 ns window. The resulting configuration was equilibrated for an additional 50 ns. A production run of 100 ns followed this equilibration procedure. We present in Fig.S5 the evolution of the system temperature (on the left-hand y axis) and the number of glycerol group clusters (right-hand y axis) obtained The coloured cubes highlight regions assigned to the propeller (blue), the tuning fork (red) and the chair (magenta) conformations. In the remaining region the conformations were assigned to the trident. with the voronoi algorithms described in the Methods section. The two insets are two representative simulation snapshots (at the beginning and the end of the simulated annealing equilibration) highlighting the shape of the clusters. This results confirm the evolution of the system from several small clusters to a single percolating network. The number of clusters keeps oscillating between 3 and 1 in the following 100 ns of production run, with one of the cluster involving almost all the TG headgroups (always over 80%).
TG-Water interface

Bulk-TG conformation analysis
The conformation analysis for bulk TG water is reported in Fig. S6 . The distribution of the angles formed by the relative direction of pairs of chains, θ i j , is represented in the three histograms in Fig. S6 -left. Two of the angles are equivalent by symmetry (specifically θ 12 and θ 23 ) and display a similar distribution in phase space as expected, with a maximum at about 140 • . The θ 13 distribution, instead, presents a maximum for lower angles (≈ 50 • ). The energetically allowed regions for TG conformations, expressed in terms of θ 12 , θ 23 and θ 13 are represented in Fig. S6 -right, where each circle represents the average conformation of one TG molecule. The size and the colour of the circles are proportional to the density of their occurrence in 3D-space. The colour bar above the graph gives a measure of the local numeric density of TG conformations inside a cubic mesh of side, δ θ , equal to 20 • (corresponding to the mesh-grid of Fig. S6-right) . The areas of the diagram corresponding to the four representative TG conformations (described in main paper Fig. 2 ) are highlighted with schematic illustrations of the three angles in these conformations. Despite the wide angle distributions and the occurrence of several conformations, the analysis suggests that the most likely intra-molecular arrangement presents the two oppo- Fig. S6-right) , resembling the shape of a tuning fork. The bulk TG in water has a similar angle distribution to bulk TG.
Shape
Table S2 Probability of appearance of the different shapes for bulk-TG in TG-w configuration. Results are expressed in % over all the molecules far from the interface (whose C2 was further than 1.5nm from the interface).
Classification of the conformational 3D-space
We report in Fig. S7 the graphs of the 3D conformational space for Bulk-TG, interfacial TG in TG-water interface and Bulk-TG in TG-water interface, highlighting the four regions of classification for the 4 shapes described in section 2.1. From the picture we can clearly observe the differences between the interfacial TG molecules, which preferentially assume an open trident shape and the bulk-TG molecules which are preferentially arranged as a tuning fork.
TG monolayer
Lateral radial distribution function
The long-range order in the lipid-lipid in-plane radial distribution function within the monolayer can be used to detect the transition from a liquid expanded phase to liquid condensed phase, as described in ref. S8 ). As discussed in the main paper, the double bonds of the TG tails confer on the TG molecules a wide conformation and the close packing of the liquid condensed phase is not reached.
Hysteresis
The presence of hysteresis and metastable states is revealed by realising a new set of simulations starting from the collapsed monolayer. Representative snapshots of the resulting configurations along the hysteresis curve (green curve in Fig.11 of the main paper) and the other curve (blue curve in Fig.11 of the main paper) are presented in Fig. S9 . The monolayer is able to reorganise in a stable configuration for surface pressures, Π ≤ 12 mN m −1 . Above this threshold the monolayers in the hysteresis curve (second col- umn of Fig. S9 ) are not able to rearrange themselves, with some of the triglyceride molecules located far from the main water interface, forming an inverse micellar structure.
Vapour phase transition
Metastable states can exist when the value of the surface tension, Π, is lower than 0, due to the required activation time for the monolayer transition to nucleate the vapour phase. The characteristic time of the transition to the vapour phase can be assessed by computing the time required for the area per lipid to diverge. The area per lipid, A L (t), is defined by
where L x (t) × L y (t) is the area of the simulation box at time t, and N T G is the number of TG molecules. The curves in Fig. S10 show the evolution of A L for several values of Π. For very negative values of Π, such as −18 mN m −1 -dark green curve in Fig. S10 , the transition to the vapour phase appears after a few nanoseconds. The closer the surface pressure is to 0 mN m −1 , the longer the time to observe the transition. At Π = −11 mN m −1 the transition happens after ≈ 20 ns. At Π = −2 mN m −1 a time longer then 20 ns would be required for the transition to take place. 
